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This thesis describes the synthesis, physical properties and potential applications of a series 
of zethrene-based molecules, including zethrene bis(dicarboximde)s, heptazethrene 
bis(dicarboximide)s and dibenzoheptazethrene derivatives. Due to the presence of both 
Kekulé and biradical resonance forms, the ground state of these molecules can be either 
closed-shell or open-shell singlet biradical. The moderate biradical character renders 
attractive electronic, optical and magnetic properties which allows a diversity of applications. 
Chapter 1 firstly presents an overview of recent advances in low band gap polycyclic 
hydrocarbons. The ground state of these molecules is either closed-shell or open-shell due to 
the structural difference, and they are actively participated in the materials science. In the 
second part of this chapter, a review of zethrene-based compounds is given. The theoretical 
calculations, synthesis and primary applications of this interesting class of polycyclic 
hydrocarbons are discussed. 
In chapter 2, the synthesis and properties of a novel zethrene bis(dicarboximde) compound 
are presented. This molecule exhibits good stability and solubility compared to parent 
zethrene, and represents good candidate for far-red dyes. Moreover, the unexpected oxidation 
reaction of this molecule is also discussed. 
In chapter 3, the synthesis and properties of a series of 7,14-diaryl-substituted zethrene 
diimides are described. This study is an extension of zethrene diimide compounds and the 
functionalizations are allowed on both imide sites and bay region because of a novel synthetic 
method. The possibilities of these compounds as novel dyes are also discussed. 
In chapter 4, the preparation of soluble and stable heptazethrene bis(dicarboximde)s is 
presented which is the first isolation of heptazethrene derivatives. The ground state of these 
molecules are determined as open-shell singlet biradical, the properties are studied from both 
theoretical and experimental perspectives.  
In chapter 5, two dibenzoheptazethrene isomers are synthesized following two facile 
synthetic sequences. Both compounds are singlet biradical in the ground state, but the 
biradical characters are found dependant on the number of Clar’s Sextet rings in the biradical 
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